
The modifications which will provide the Block I1 CSM 
with a 16-day operational lifetime to support the Apollo Lunar 
Exploration Missions (ALEM’s) includes provision for additional 
cryogeiiic storage vessels ir? t h e  Service M m 3 1 - 1 1 e  - This memoran- 
dum addresses some preliminary thoughts, pertinent considerations, 
and current actions associated with providing a capability for 
servicing the expanded cryogenic storage system. 

Included are a description of the SM configuration, the 
current servicing GSE configuration, four basic candidate servic- 
ing configurations, and the apparent advantages/disadvantages of 
the candidate configurationl. * 

It is recommended that consideration be given to provid- 
ing the servicing GSE with the features offered by one of the can- 
didate configurations discussed. A l s o  that the design provide for 
maximum reliability and flexibility without extending servicing 
timelines. 



BELLCOMM, I N C .  
955 CMFANT PLAZA NORTH, S.W. WASHINGTON, D.C. 20024 a69 0.8027 

Pre l iminary  Thoughts on Cryogenic DATE: August 11, 1 9 6 9  
Se rv ic ing  of t h e  16-Day CSM - 
C a s e  320 

FROM: G .  J .  McPherson Jr. 
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The mod i f i ca t ions  which w i l l  p rovide  t h e  Block I1 CSM wi th  
a 16-day o p e r a t i o n a l  l i f e t i m e  to  suppor t  t h e  Apollo Lunar Explora- 
t i o n  Missions (ALEM's) inc ludes  p r o v i s i o n  f o r  a d d i t i o n a l  c ryogenic  
s t o r a g e  v e s s e l s  i n  t h e  SM. Figure 1 provides  an o v e r a l l  view of  
t h e  major ALEM CSM modi f ica t ions  i n c l u d i n g  t h e  add-on s t o r a g e  ves- 
se ls  and a s s o c i a t e d  p a n e l s  fo r  c o n t r o l  and d i s p l a y  f u n c t i o n s .  This  
memorandum addresses  some prel iminary thoughts ,  p e r t i n e n t  cons ider -  
a t i o n s ,  and c u r r e n t  a c t i o n s  a s s o c i a t e d  wi th  provid ing  a c a p a b i l i t y  
for  s e r v i c i n g  t h e  expanded cryogenic  s t o r a g e  system. 

A. ANTICIPATED CONFIGURATION OF CSM 

The p r e s e n t  CSM cryogenic s t o r a g e  system c o n s i s t s  of t w o  
Block I1 l i q u i d  hydrogen ( L H 2 )  s t o r a g e  v e s s e l s ,  t w o  Block I1 l i q u i d  
oxygen (LO2)  s t o r a g e  vessels, t w o  d u a l  modularized c o n t r o l  boxes 
( f i l t e rs ,  check v a l v e s ,  p re s su re  t r a n s d u c e r s ,  p r e s s u r e  swi t ches ,  
e t c . ) ,  c o n t r o l  pane l s  i n  t h e  CM, s e r v i c i n g  d i sconnec t s ,  and related 
p lumbing /e l ec t r i ca l  harness ing .  The add-on s t o r a g e  system, which 
w i l l  u t i l i z e  o f f - the - she l f  hardware t o  t h e  maximum e x t e n t  p o s s i b l e ,  
w i l l  c o n s i s t  of an a d d i t i o n a l  Block I1 LH2 s t o r a g e  vessel, an addi-  
t i ional  Block  I1 LO2 s t o r a g e  v e s s e l ,  two dua l  modularized c o n t r o l  
boxes (only  h a l f  of  each w i l l  be u s e d ) ,  an a d d i t i o n a l  c o n t r o l  pane l  
i n  t h e  CM, s e p a r a t e  s e r v i c i n g  d i sconnec t s  excep t  f o r  t h e  hydrogen 
r e l i e f  f u n c t i o n ,  and a d d i t i o n a l  p lumbing /e l ec t r i ca l  ha rness ing .  

The r e l a t i o n s h i p  between t h e  l o c a t i o n  of  e x i s t i n g  and add- 
on s t o r a g e  v e s s e l s  and s e r v i c i n g  d i sconnec t s  i s  shown i n  F igu re  2 .  
I t  should  be noted  t h a t  t h e  e x i s t i n g  and add-on s t o r a g e  v e s s e l s  and 
s e r v i c i n g  d i sconnec t s  are 180' removed from each o t h e r .  The add-on 
LH2 and LO2 storage v e s s e l s  w i l l  be mounted above and below, respec-  
t i v e l y ,  on a new common s h e l f  a t  t h e  forward end of S M  Bay 1. The 
remainder of  Bay 1 w i l l  house the  S c i e n t i f i c  Instrument  Module (SIM) 
as shown i n  F igu res  1 and 2 .  
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A preliminary plumbing schematic for the expanded LO2 
storage system is reflected in Figure 3 (LH2 system is identical 
except as noted). For simplification, only major components 
are shown. 

B. PRELIMINARY THOUGHTS ON SERVICING 

The existing LH2 and LO2 storage systems are serviced via 
portable dewar units. These are located on MSS Platform 4A (one at 
a time) during servicinq operations*. At present, a single LH, or 
LO2 dewar unit has sufficient capacity to provide full mission load 
to its respective system. Single dewars, however, will not be able 
to supply full mission load to the expanded storage system (see 
Table 1). 

& 

- 

In consideration of the foregoing fact, along with the 
desire to utilize the existing servicing GSE hardware to whatever 
extent possible, the following four basic candidate configurations 
have evolved : 

1. 

2. 

3 .  

Note: Figures and discussions are typical for both the. 

use existing valve box and provide new flexline for 
servicing the add-on storage system--servicing of 
the existing and add-on systems would be accom- 
plished serially--one dewar exchange would be 
required (see Figure 4a) 

LH2 and LO2 storage systems. 

modify valve box to accommodate additional flexline 
and associated valving for servicing the add-on stor- 
age system--servicing of the systems would be accom- 
plished concurrently--one dewar exchange would be 
required (see Figure 4b). 

modify valve box to accommodate a second dewar unit, 
additional flexline, and associated valving for ser- 
vicing the add-on storage system--servicing of the 
systems would be accomplished individually but con-. . 
cutrently--no dewar exchange required (see Figure 4c). 

*Fully serviced backup dewars are held in readiness at the 
launch pad in the event a primary dewar fails or does not supply 
adequate mission load. 
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4 .  modify valve box to accommodate hardware described in 3 
above and to manifold both the dewar inputs and valve 
box outputs for maximum flexibility and reliability-- 
servicing of the systems would be concurrently and in 
parallel--no dewar exchange required (see Figure 4d). 

C. PERTINENT CONSIDERATIONS 

Many factors will no doubt influence the decision on which 
GSE configuration should be pursued. 
importance follow: 

Those felt to be of prime 

1. Servicing timelines - Much effort has been expended toward 
building a workable-efficient countdown. 
extension of or pertubation to SM cryogenic servicing time- 
lines will produce undesirable effects on the space vehicle 
countdown operation. 
to accomplish prior countdown operations farther away 
from scheduled T-'0 and the major rework of numerous KSC 
procedures. Additionally, critical scrub-turnaround 
capabilities would be adversely affected by extended 
servicing timelines. Candidate configurations 1 and 2 
would be eliminated under the timeline criteria alone. 

Any significant 

Most notable would be the necessity 

2. System reliability/flexibility - Since countdown and scrub- 
turnaround operations demand both reliability and flexibil- 
ity to whatever extent possible, both should be considered 
in selecting a design for the servicing GSE. 
date configurations 3 and 4 would appear to have comparable 
reliability but the latter has considerable increased flex- 
ibility since failure of a single dewar unit would not 
interrupt servicing but only extend it, dependent upon when 
the failure occurs. 

Both candi- 

3 .  MSS platform structural limits - A single LO2 dewar unit 
when fully loaded weighs about 1460 pounds. Since numerous 
other equipments as well as personnel will account for 
additional weight to be supported by the MSS platform, an 
assessment will be necessary to determine if two fully 
loaded dewars can be accommodated. If not, alternate 
techniques such as partially loaded dewars (would need 
about 65% in each dewar to supply required mission load), 
removal of other equipment, limitations on numbers of person- 
nel on the platform when dewars are present, beef-up of 
platform, etc., could be implemented. Both candidate con- 
figurations 3 and 4 could accommodate the partially loaded 
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dewar technique, In the first case, the loads would 
necessarily be 100% and 50% while in the latter they 
could be 65% and 65% or any other desired combination 
which provides adequate mission load. Consideration 
of a single-larger dewar can be eliminated because of 
weight and size constraints levied by both MSS plat- 
form and MSS elevator capabilities. 

4 .  Hardware availability/cost - It would appear that the 
only significant new hardware involved would be pro- 
curement of additional dewars. The valve box and 
plumbing modifications could most iikeiy be assembied 
largely from spare parts with limited "new buys." 
Assuming the additional dewars would be required to 
provide a ready backup regardless of the configuration 
selected, none of the candidate configurations seem to 
require significantly more or less modification than 
the other. 

5. Compatibility with existing FDS - An assessment would 
necessarily be made to determine if any of the configu- 
rations could not be easily accommodated by the exist- 
ing Fluid Distribution System (FDS). Since the dewars 
interface with the FDS for functions such as purge gas 
supply, venting, power, etc., it must be ascertained 
whether or not line sizes, flow rates, etc., can handle 
a dual dewar operation without unduly penalizing servicing 
timelines. 

6. Operational/safety aspects - Dependent upon the configu- 
ration chosen and the location of attended equipment, a 
manloading review may be required. An operation involv- 
ing two dewar units located far enough apart to satisfy 
platform structural constraints may establish the need 
for additional operating personnel. This would then 
necessitate review from an availability aspect(Are 
additional-properly trained personnel readily available?), 
from a weight standpoint (Will the increased number of 
operating personnel violate the MSS platform structural 
constraints?), and from a safety standpoint (Manloading is 
tightly controlled for hazardous operations). 
an operation involving two dewars would require an assess- 
ment from an operational safety viewpoint. 

Additionally, 

D. CURRENT ACTIONS 

KSC is currently studying various servicing options for the 
expanded cryogenic system. One of their prime objectives is to 
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maintain and, if possible, improve the existing servicing time- 
lines for both countdown and scrub-turnaround operations. 
Study completion is targeted for late August. Preliminary indi- 
cations are that a two dewar configuration will be employed. 
The study will also address itself toward identifying additional 
modifications required to delete/remove other FDS GSE outmoded by 
the existing dewar loading technique. 

NAR Downey is currently firming up their conceptual 
design for the onboard CSM modifications. The ALEM CSM Prelimi- 
nary Design Review (PDR) is scheduled for August 13, 1969. 

E. ADDITIONAL ITEMS OF INTEREST 

1. The add-on cryogenic system will be utilized to supply 
the majority of fuel cell and ECS expendables for the 
initial phase of the mission commencing with the earth 
orbit event. 

2. The add-on system will not interface with the caution - 
and warning system (possible because of 1. above). 

3 .  No provision will be made to activate the add-on storage 
vessel heaters from the airborne source. 
will provide enough heat along with tank heat-leak to 
maintain system operation. 

Fan operation 

4 .  KSC has procured addtiional LH2 (modified SHe) and LO2 
dewar units which are presently being outfitted for 
use in support of servicing the SM expanded cryo- 
genic storage system. This brings the total number 
of dewars to three each and will allow retention 
of the "backup" capability in the event of a dewar 
failure. 

5. Pertinent statistics on dewar and CSM cryogenic storage 
system capacities are provided in Table 1. 

F. ADVANTAGES OF DUAL DEWAR/MANIFOLDED CONFIGURATION 

1. offers timeline consistent with existing timelines; might 
even improve them. 

2. partial dewar loading is entirely flexible (65% each, 100% - 
30%, or any combination adequate to obtain mission load in 
the event that MSS platform structural constraints will not 
allow use of two fully loaded dewars. 

3 .  servicing delays due to a dewar failure would be eliminated 
or at least minimized since: 
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G. 

a. t h e  second dewar can cont inue  s e r v i c i n g  whi le  
t h e  f a i l e d  u n i t  is r ep laced  by t h e  backup 
dewar; also e l i m i n a t e s  need f o r  r e - c h i l l  down 
of l i n e s  when the  backup dewar i s  brought  i n t o  
s e r v i c e  (might r e q u i r e  s m a l l  b l e e d  va lves  j u s t  
upstream of manifold) .  

b .  f a i l u r e s  a f t e r  p a r t i a l  mission load  i s  aboard 
might a l low the second dewar t o  complete ser- 
v i c i n g  w i t h o u t  need of  t h e  backup dewar ( t h i s  
technique would be g r e a t l y  enhanced i f  t h e  MSS 
p ia t fo rm w i i i  accommodate t w o  f u i i y  ioaded 
dewars).  

4 .  can be implemented as a s i n g l e  s e r v i c i n g  ope ra t ion  u n l i k e  
cand ida te  conf igu ra t ion  3 which i n  r e a l i t y  i s  t w o  s e p a r a t e  
s e r v i c i n g  ope ra t ions  be ing  performed i n  p a r a l l e l .  

CONCLUSIONS 

Numerous p o s s i b i l i t i e s  e x i s t  f o r  s e l e c t i n g  a GSE config-  
u r a t i o n  t o  service t h e  ALEM CSM expanded cryogenic  storage system. 
The d u a l  dewar/manifolded technique o f  cand ida te  c o n f i g u r a t i o n  N o .  4 
i s  t h e  only  one d i scussed  which o f f e r s  bo th  t h e  d e s i r e d  e f f i c i e n c y  
and f l e x i b i l i t y  assuming MSS pla t form s t r u c t u r a l  c o n s t r a i n t s  can be 
s a t i s f i e d .  

H.  B E m D E E i " - Z F M S  FOR FURTHER CONSIDERATION 

1. That a GSE s e r v i c i n g  conf igu ra t ion  w i t h  f e a t u r e s  s imilar  
t o  t h a t  of  candida te  conf igu ra t ion  N o .  4 be cons idered  
f o r  t h e  advantages d iscussed  h e r e i n .  

2.  That  t h e  design,  i f  feasible,  provide  t h e  f l e x i b i l i t y  t o  
exchange a f a i l e d  dewar w h i l e  con t inu ing  t h e  s e r v i c i n g  
o p e r a t i o n  wi th  t h e  other .  

That  t h e  l o c a t i o n  of  t h e  dewars onthe  MSS p la t fo rm be 
chosen t o  accommodate f u l l y  loaded dewars (and exchange 
of f a i l e d  dewars) as w e l l  as t h e  necessary  numbers of  
o p e r a t i n g  personnel .  

3 .  

2 0 3 2-G J M -  tl a WQ-4. G. J.  McPherson Jr. 

Attachments 
F i g u r e s  1 - 4 
T a b l e  1 
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